Article
Introduction
The vegetable production is the main economic activity of the municipality of Paty do Alferes, Rio de Janeiro, Brazil (Pinheiro et al., 2004; Santos et al., 2002; Fontes et al., 2013) . The region has characteristics that favor erosion, such as a sloping relief (20 to 45% slope) and a rainy period of seven to eight months (October to May) (Santos et al., 2002) . In addition, the vegetables cultivation is mainly carried out in areas with uneven terrain and inadequate soil preparation, favoring the risks of soil and nutrient losses by erosion (Santos et al. 2002; Fontes et al., 2013) . This type of soil preparation for vegetables cultivation provides a reduction in soil organic matter contents (Pinheiro et al., 2003; Pinheiro et al., 2004; Fontes et al., 2013) , increase Bd (Fontes et al. 2013) , reduced total porosity (Fontes et al., 2013) , increased soil losses due to erosion (Núñez et al., 2006 b; Fontes et al., 2013) and reduced fertility when compared to systems of conservation (Santos et al., 2002) , resulting in reductions in the crop yield (Pereira & Rodrigues, 2013) .
In this context, the adoption of conservation management practices that favor the continuous contribution of organic matter to the soil, are of fundamental importance in the recovery of physically degraded soils (Portela et al, 2010) . These results can be verified through the Plant Production and Crop Protection Com The higher content of SOM as a function of MC increases the cation exchange capacity (CEC), retains more nutrients in the system and improves the availability of these nutrients, with reduction of P adsorption and cation leaching (Trevisan et al., 2008; Valadares et al. al., 2012) .
The aim of this study was to evaluate the influence of systems of cultivation -conventional tillage (CT), level cultivation (LC), minimum cultivation (CM) and one plot without cover crop (WC) -on the soil nutrient content (P, K, Ca and Mg), total organic carbon (TOC), bulk density (Bd), soil water infiltration rate(SWIR) and losses of soil, TOC and nutrients (P and K) by erosion in horticultural crops areas in the municipality of Paty do Alferes, RJ, Brazil.
Material and Methods
The experimental plots where the study was classified as a typical Oxisol (Santos et al., 2013) and some chemical and physical attributes (Donagema et al., 2011) of this soil are presented in Table 1 . 
Results and Discussion
No differences were observed in the total organic carbon content (TOC) between the depths in the different evaluated soil managements systems (Figure 1a ). Also in Figure   1a , it can be observed that, regardless the depth, the reference area, without vegetation cover (WC) presented lower TOC contents when compared to the other treatments. This is due to the low C in the soil, caused by the absence of a constant cover vegetation. In addition, soil disturbance and the lack of cover vegetation of this treatment, besides contributing to soil degradation, resulting in a soil exposed to the direct incidence of solar radiation and rainfall, Regarding the values of Bd, no significant differences between treatments were observed.
The mean values obtained were 1.18; 1.31; 1.21; In the same way as observed for soil losses, LC stands out as the second tillage system with lower P and K losses in the sediments and K in the water from the runoff (Figure 3a, b) . It can also be inferred that this result is due to its lower soil loss due to the erosion verified in this treatment, promoted by the increase of the surface roughness due In the CT area, it is observed that the burning of residues from the previous crop, and plowing and harrowing with a tractor in the direction of higher slope, lead to higher losses of soil and nutrients, such as P and K in runoff water and sediments (Figure 3a, b) . It is observed that this treatment lost more nutrients when compared to MC, with about 56% of K in the water from the runoff and 49% and 63% of P and K, respectively, in the sediments. When compared to the LC, the CT lost more than 37% of K in the runoff water and 24% and 27% of P and K, respectively, in the sediments. In the present study, as observed by other authors (Nuñez et al., 2006; Leite et al., 2009) , is can be inferred that this type of soil preparation can cause financial losses to the growers of the area, and high environmental impact.
Lower losses of P and K in the sediments of the WC area compared to the CT and LC (Figure   3 b) can be attributed to the lack of fertilization of the WC area. Even with higher soil losses, due to the low levels of these nutrients in the soil, lower P and K were adsorbed to the sediments.
It was verified that losses of soil, TOC and nutrients (P and K) influenced soil P, Ca, Mg and K contents, leading to differences between the evaluated treatments (Table 2) the vegetal residues on the soil surface, providing more potassium in this layer. This nutrient occurs free in the vegetal tissues and can be easily removed by water after senescence (Garcia et al., 2008) .
In both evaluated depths, the WC area resulted in lower values of P, Ca, Mg and K compared to other treatments (Table 2 ). This result is due to the fact that this area does not receive fertilization, being submitted to higher and constant losses of soil and TOC when compared to the other treatments, which carry with them the studied nutrients.
Regardless the analyzed depth, the areas with MC and LC presented similar levels of P, Ca and Mg higher levels than CT (Table 2 ). This result may be due to the lower losses of soil, TOC and nutrients (P) of MC and LC, when compared to CT. Due to the time of adoption of these systems, it is observed the increase of cations (Ca, Mg) and anions (P) in the areas of MC and LC. In addition, the higher TOC contents may contribute to the release of soluble organic compounds capable of competing for the adsorption sites of P in the soil, and/or complex metal cations such as Fe and Al, removing the metals from the adsorption surface and decreasing the number of available sites or decreasing the adsorption force of P at these sites (Guppy et al., 2005) . Table 2 . Mean values of Ca, Mg, P, K and TOC for the different soil management systems.
Treatments P mg kg In addition, sorption of MOS compounds may increase the negative charge at the soil surface, making difficult the P adsorption and increasing its availability (Guppy et al., 2005) . which provides more of this nutrient through its decomposition. In the case of the CT, the ashes of the burned vegetation incorporated with the harrowing can be the source of additional K in this system, since according to Silva & Silva (2006) this nutrient is released after the vegetation burning. Considering the above, it is verified that the soil K content was less affected by soil losses due to erosion in the cultivated systems, when compared to other macronutrients.
However, it should be emphasized that the data of K loss in the runoff water and in the sediments show higher loss of this nutrient in systems with higher soil rotation and less vegetal cover, being able to promote future economic and environmental damages in these areas. 
Conclusions
The WC system reduces soil BIR values and provided highest losses of soil, TOC and macronutrients (P, Ca, Mg and K).
Among the cultivated systems, CT showed a degrading system, with losses of soil TOC, P and K by erosion, contributing to the reduction of TOC, P, Ca, Mg and BIR levels in the soil. In contrast, in the soil and climatic conditions of this study, the MC is the most indicated, since it contributes to the reduction of losses of TOC, P and K by erosion, besides increasing TOC, BIR, P, K, Ca and Mg of the soil.
The adopted practices to control erosion in LC reduced the soil, TOC, P and K losses when compared to CT, increasing the BIR values. As a consequence, the LC resulted in similar contents of TOC, P, Ca and Mg than MC, demonstrating that simple practices to control erosion can improve the soil chemical and physical conditions.
